The feeding ofa protein hydrolysate based 'elemental' diet supplemented with added glutamine did not provide superior protection to the small intestine of dogs subjected to therapeutic pelvic irradiation. Comparison of diets with and without the added glutamine showed significant protection ofthe intestine from radiation injury. Both histological examination and electron microscopy showed lack of tissue injury with both diets. The activity of the free radical generating enzymes, scavengers, and antioxidants were similar in the intestinal mucosa of dogs fed either diet. After radiation, however, the activity of xanthine oxidase, superoxide dismutase, and glutathione peroxidase were significantly (p<0002) higher in the intestine of dogs fed elemental diet without the added glutamine. If the activities of these enzymes are important in the protection of the intestine from radiation injury, then the addition of extra glutamine may provide no benefit.
It has been 25 years since Bounous et al first reported that feeding an elemental diet afforded significant prophylaxis against ischaemic injury to the intestine.' In the same year, Dudrick showed that beagle puppies could be raised to adulthood on parenteral nutrition alone.2 These two reports revolutionised the nutritional management of patients in hospital, starting an incredible outgrowth with extensive research, both clinical and experimental, in both enteral and parenteral nutrition.
Many specific properties have been attributed to the elemental diet, such as inhibition of pancreatic and biliary secretion,2 3 stimulation of IgA secretion,4 reduction in the rate of intestinal cell turnover,5 provision of absorbable nutrients when terminal digestion of protein and carbohydrate may be impaired,67 and bowel rest in certain gastrointestinal disease conditions.
Injury to the intestinal mucosal cells can lead to serious consequences. Changes in intestinal permeability promote bacterial translocation and may lead to multiple organ failure. 8 Maintaining a healthy and active intestine becomes a top priority in the critically ill and also during treatments that are known to significantly damage the gut, such as radiotherapy and chemotherapy. In these cases, nutrients should be provided in a simple form, so that minimum energy is required for the digestive process and maximum absorption is enhanced. Bounous has emphasised that the timing of an elemental diet is crucial -'When hemorrhagic necrosis has developed in the intestinal mucosa, the systemic adverse effect of the intestinal factor, such as multiple organ failure, can hardly be reversed by a treatment that is, by definition, designed to prevent the onset and the evolution of enteropathy'.9 For example, elemental diet given four to six days after diagnosis of sepsis and hypermetabolism had no effect on the incidence of multiple organ failure or death,'0 yet it has been shown that early enteral feeding reduced complications of sepsis"I and of burns.'2 Protective effect of elemental diet on the injured small intestine The use of an elemental diet as prophylaxis before a treatment that is known to be injurious to the small intestinal mucosa is an important adjunct to patient management.
For example, damage to the intestine from abdominal radiation therapy can produce a morbidity that is often harder to live with than the original disease. Injury from ionising radiation can either be acute or chronic and according to a retrospective review by Donaldson, '3 there were no cases of delayed enteropathy without a history of acute radiation enteropathy. It is important, therefore, to make every attempt to protect the intestine from the acute phase of radiation injury.
The idea of treating the intestine so that it becomes less vulnerable to injury is not only intriguing, but feasible. In experimental animals, the prefeeding of an elemental diet provided protection to the intestine from the injury induced by ischaemia,l burns,'4 chemotherapy,'5 and radiotherapy.'6 Clinically, elemental diet alleviated the intestinal injury during chemotherapy'7 and radiotherapy.'8 The effect of the elemental diet has to be through direct changes to the gastrointestinal tract, especially those which are known to affect the rate of cell growth or cell renewal.
Mechanisms participating in the protective effects of elemental diets Pancreatic proteases'9 and bile20 participate in the remodelling of the brush border, and dietary bulk also plays a part in the natural rate of turnover of the intestinal epithelial cells. Elemental diets contain no bulk, and they inhibit the secretion of both proteolytic enzymes and bile.2 3 This should result in decreased erosion of the epithelial cells and reduce the need for a new cell replacement. Indeed, it was shown by Lehnert2l that elemental diet reduced the rate of crypt cell renewal by 35%. Bounous et al1 showed that with a normal diet, 15% of the mucosal ATP was used in the formation of nucleic acids, whereas with an elemental diet, only 6-3% of the ATP was used for nucleic acid synthesis, pointing to a lower rate of tumover of the intestinal epithelial cells. These data confirm that both the rate of cell loss and that of cell renewal are indeed changed by an elemental diet. Electron microscopic examination of the microvilli showed that they are significantly longer and more dense than those seen in patients or animals fed normal food,16 18 and this strong glycocalyx is preserved during ischaemia2l and during radiation therapy.16
Mechanisms participating in intestinal injury as a result of radiation and ischaemia Injury to the intestine from either ischaemia or radiation can also occur through generation of free radicals, which can then attack epithelial cell membranes by lipid peroxidation.22 The mechanisms by which the free radicals are generated are different in the two types of injury. The ischaemic injury is usually a reperfusion injury, as a result of the degradation of ATP during anoxia and the concomitant accumulation of AMP, which is then catabolised to hypoxanthine. Upon re-establishment of the circulation, hypoxanthine is degraded by the enzyme xanthine oxidase to xanthine and a superoxide radical. The dismutation of this radical is done by the enzyme superoxide dismutase, producing hydrogen peroxide and free hydroxyl radicals, which 
over five days), did not change the activity of these enzymes on either diet. These findings may show that the activity of superoxide dismutase and xanthine oxidase are moderated by the diet given and that this pathway of oxygen radical generation may not be important in radiation injury. It must also be considered, however, that the reduction of the activity of these enzymes by elemental diet feeding could decrease hydrogen peroxide production.
Lipid peroxidation of membranes by hydrogen peroxide can lead to tissue injury, so that the ability of the scavenging defence system to remove both hydrogen peroxide and free hydroxyl radicals before damage occurs, is very important. In these experiments, it was found that the intestinal concentrations of glutathione peroxidase and catalase were considerably increased in the dogs fed an elemental diet compared with those found in dogs fed a normal kennel ration. Radiation reduced these increased concentrations to those found before radiation. Studies done in cell lines correlated the protection from radiation injury with tissue values of peroxidase activity.26 It seems, therefore, that the increased activity of glutathione peroxidase, catalase, and glutathione may be one of the mechanisms by which elemental diet feeding protects the intestine from radiation injury.
Effects of supplementing elemental diet with glutamine on radiation injury Glutamine is the most abundant amino acid in the plasma free amino acid pool, mainly because of its high concentration in skeletal muscle.27 It is also an important respiratory fuel for the intestinal mucosa.28 The 34 Addition of glutamine to enteral diet has been shown to improve intestinal mucosal integrity after both radiation35 36 and chemotherapy. 33 Klimberg et al found that when glutamine was given prophylactically, the intestine was protected from radiation injury.37
Knowing that elemental diet fed for three days before and during radiation therapy affords significant prophylaxis against radiation injury,16 18 we repeated the experiments reported above25 to compare a glutamine enriched (28.9 g/100 g) protein hydrolysate based and nutritionally complete diet (Ross Laboratories, Colombus, OH) with a control protein hydrolysate diet (Ross Laboratories, Colombus, OH). The control diet was identical to the glutamine enriched diet except that the following amino acids were added in place of the glutamine: alanine, aspartic acid, glycine, proline, and serine.
Ten dogs had intestinal biopsy specimens taken under general anaesthesia for baseline values of DNA and protein content; xanthine oxidase, superoxide dismutase, catalase, glutathione peroxidase, and glutathione activity, -and microvillus height. The animals were allowed to recover from the operation and were then divided into two groups. Group I received the glutamine enriched diet and group II were fed the control diet for three days, and again had intestinal biopsy specimens taken under general anaesthesia to assess the effects of the respective diets on the parameters mentioned above. Two weeks later, both groups were again placed on their respective diets for three days, then had therapeutic pelvic irradiation (20 Gy), given at 40 Gy/day for five days, while continuing elemental diet intake. The animals were killed at the completion of radiation and intestinal biopsy specimens were taken to assess the effect of the radiation. Both diets offered significant protection from radiation injury. Figure 1 illustrates the severity of ileal mucosal injury that occurs in dogs receiving pelvic irradiation who are fed on dog chow. Notable is the severe villous tip damage and villous atrophy. Figure 2 is an electronmicrograph showing severe damage to the microvillous membrane.
The glutamine free and glutamine enriched 'elemental' diet had similar beneficial protective effects on the morphology of the ileal mucosa after irradiation. The haematoxylin and eosin stained sections in Figure 3 show the undamaged villous structure and the electron micrographs illustrate how the microvillous Activity offree radical generators, scavengers, and antioxidants in intestinal mucosa. The effect of diet and therapeutic radiation height increased by the feeding of both diets, and that this increase was unaffected by the radiation. There was no significant difference in intestinal DNA or protein content on either diet and the values were not changed by radiation. The Table summarises the activity of free radical generators, scavengers, and antioxidents in the ileal mucosa. Neither the glutamine free nor glutamine enriched diet affected the rate of ileal xanthine oxidase, superoxide dismutase, catalase or glutathione peroxidase activity compared with the values seen during the feeding on the control (chow) diet. Glutathione production rates were similarly unaffected by feeding either diet.
In the animals fed the glutamine enriched 'elemental' diet (group I), radiation was without effect on the activity of any of the four enzymes, or on glutathione production. In contrast, however, radiation after the glutamine free 'elemental' diet (group II), was associated with significant increases in activity (p<002) on three of the enzymes, xanthine oxidase, superoxide dismutase, and glutathione peroxidase.
These data show that the glutamine enriched diet is not superior to the control elemental diet in the prophylaxis of small bowel mucosa against radiation injury. If, however, the activities of xanthine oxidase, superoxide dismutase, and glutathione peroxidase are important in relation to the scavenging of free hydroxyl radicals generated by ionising radiation, then the fact that glutamine supplementation before radiation seems to inhibit their rise in activity seriously questions whether glutamine administration has a role in protecting the intestine from the damaging effects of ionising radiation.
The findings reported here are in apparent contradiction with other studies in rats showing the advantage of added glutamine. 37 The discrepancy may be entirely because of the type of elemental diet fed to the animals. It is important to emphasise that the generic term 'elemental' diet covers a wide variety of products, which differ in the degree of hydrolysis of protein, osmolality, carbohydrate, fat, and other additives and may not, therefore, be expected to provide the same effect on the small intestinal mucosa.
